Two different areas of erosion occur on flat test specimens exposed to gas-solid particle erosive streams where the stream diameter is smaller than the specimen surface dimensions. The inner area accounts for the majority of the weight loss. This area.sees the set test conditions of velocity and impingement angle. Erosion also occurs outside this area in an area designated the "halo area". The weight loss in this area depends on the impingement angle of the particles, and ranges from as high as 25% of the total weight loss at 15° to 3% of the total weight loss at 60°. A definite boundary was observed between the two areas. This halo erosion effect was found to be primarily due to the velocity distribution of the particles ina cone around the principal column of particles striking the specimen. A secondary effect is the change in the true angle of the particles striking the specimen from the set angle.
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EROSION TESTING OF DUCTILE METALS
As part of the project to investigate the erosion behavior of materials in coal gasification environments, erosion tests have been performed at roOm temperature to determine the nature and causes of a secondary, halo, erosion .area that appears around the primary erosion zone on specimens whose size is large enough to have all of the eroding particles from a 1/4 inch i.d. nozzle impinge on them. In contrast to this type of gas-solid particle erosion test, in National Bureau of Standards 1 tests the surface of the specimens were 1/4" x 1/4" so they could be complete immersed in a 1" diameter nozzle particle flow. The objective of the present investigation is to determine whether the currently used specimen, 3/4" x 2-1/2" x 1/4", is appropriate for further testing or whether the halo effect is significant enough .to modify the specimen size used. A second purpose is to gain an understanding of the halo effect so that erosion losses due to it can be properly accounted for in determining total material losses and loss rates.
TEST CONDITIONS
The tests were made with an erosion testing device originally de- At a distance aI' to the lef,t of the center of the specimen in [2 ]
[3]
Because this formula describes only the gas velocity, and the particles will flow at a somewhat lower velocity, it provides a relative rather than absolute particle velocity profile across the eroded area.
In the tests. The tests were run at room temperature with 500 gm of 250 ~m SiC particles. The specimens were 1100-0 aluminum.
RESULTS
The first objective of the test series was to determine whether or not the halo region contributed significantly to the weight loss. By running tests with masks over the halo area and comparing these results with those for unmasked specimens, ·it was found that the weight loss in the halo area w:as sigriificant primarily at sinall angles of impingement.
The masks used were sheets of brass shim stock cut to the same size as the specimen. There was a hole in the center, cut in the shape of the observed primary erosion area at each angle. Theoretically, the primary erosion areas should be ellipses. As such, an ellipse should be a good model to use to estimate what the numerical area of the primary erosion area should be, and, therefore, what the area of the cutout hole is. In Figure 4 ,masks for 15° and 60° specimens are shown, along with a diagram showing the dimensions of an ellipse. Table I lists the dimensions and areas for the masks and the estimates of the primary erosion area. By comparing the two sets of data, one sees that the area of the mask cutouts is less than the estimated area. However, the factor that is causing a decrease in area for the cutouts contributes in the same manner at both 15° and 60°. This can be ~een from the fact that for the estimated area values, A15o/A600 = 3.348, while for the cutouts A15o/A600 = 3.360. Because these ratios are approximately equal, the results obtained with the masks should be valid.
Tables II -V show these test results. Because the weight loss due to the halo effect was first thought to be small at all angles, many tests were run to ensure the accuracy of the results ..
At 15°, the halo effect caused 25% of the weight loss, and at 60°, the weight loss due to the halo effect was only 3% of the total weight loss. Figure 5 shows typical specimens, masked and unmasked, .a(in. )
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.0348 specimen is less well-defined. The additional markings on the 60° masked specimen were due to the mask lifting up; they did not contribute to the weight loss.
14 For both the 15° and 60° specimens, a l anda 2 were measured at three points (see Figure 3 ): in the primary erosion area, in the halo area, and on the boundary between them. Then, using Equations [1], [2] and [3] , the particle velocities were calculated at these points. The particle spread angles, 8 1 and 8 2 , were also calculated at the boundary between the primary and halo regions. The results of these calculations are given in Table VI . The important fact to note is that the velocities in the primary erosion area are greater than those in the halo area.
G. P.Tilly5 has suggested that a secondary erosion effect occurs due to the particles breaking up after contact with the specimen and the fragments then producing more erosion. To test this, an area equal to that of the primary erosion area was cut out of some specimens (see Figure 6 ) and tests were run under identical conditions to those for complete specimens.
If Tilly's proposed mechanism caused the halo, little or no weight loss should be observed for the specimens. Instead a weight loss approximately equal to that measured earlier for the lia10 area was measured. .This indicates that particle breakup is not the cause of the halo effect observed.
Another possible reason that could account for the halo was that the parti~les striking .the specimen at different locations had different .'
. FIGURE 6. Specimens used to test if the halo effect was caused by .~ particle breakup.
.~ XBB 78l0-l3574A velocities because of .a velocity gradient across the nozzle due to the increased friction between the rough, as-received nozzle interior surface and the particles. To check this, tests were run at 90° impingement angle with two difference nozzles. The first was bored smooth on the inside.
The second was the as-received tube nozzle with a rough inside surface.
The velocity gradient inth~ rough-wall nozzle should cause the diameter of the primary erosion area to decrease. A 10% reduction in the diameter of the primary erosion area occurred in tests with the rough wall nozzle compared to the smooth bore nozzle as shown in Table VII .
Thus, the particle velocity gradient across the nozzle could contribute to the halo effect. However, it still leaves unexplained why the halo effect was as large as it was and why its effect was more significant at smaller angles. It also does not explain why the primary erosion-halo erosion zone boundary was less prominent at small angles than at large angles.
DISCUSSION
The halo effect can be explained with the help of The angle characteristics are due to the effects of cutting wear.
At small angles, cutting wear dominates the erosion process, and deformation wear contributes much less to the erosion process. Therefore, any effects due to deformation wear will be less prominent at small angles than at large angles. This is why the boundary is less visible at small angles.
Particles hitting in the halo area have velocities too small to produce de forma tion wear. '. However, they can still contribute to cutting wear. This contribution becomes significant as the impingement angle of.
the particles becomes smaller. Therefore, the halo area, because of cutting wear, will contribute significantly to weight loss only at small angles where cutting wear can occur in the halo area.
CONCLUSIONS
The halo effect observed is due to the velocity distribution of the particles across the surface of the specimen. At a critical velocity, a boundary occurs between the primary and halo erosion regions because particles with a velocity less than the critical velocitY,cannot contri-bute to deformation wear. The angle dependence of the halo effect is due to cutting wear.
A definite statement cannot 'be made at this time as to whether the current specimen size is appropri~te for future testing. At large impingement angles, where the halo effect is not significant, no problems should occur if this size is used. At small angles, the specimen may be made to only cover the primary erosion area. For. work covering a wide range of angles, the researcher should choose for himself, knowing the consequences of either choice. More work is needed in this area to be able to standardize specimens for future research.
